Patients with schizophrenia were found to be less successful at emotion recognition tasks (ERTs) than healthy individuals. There is a debate surrounding whether this deficit is permanent or temporary. The current study aims to assess how emotion recognition skills are affected by treatment processes and during the course of the disease and also to determine the relation of this change with clinical assessment scales, other cognitive functions, and quantitative electroencephalography (QEEG). Materials and Methods: Twenty-four inpatients with treatment-resistant schizophrenia have been included in the study. Patients were assessed before beginning clozapine and 6 months later. During both assessments, clinical evaluation scales (Positive and Negative Syndrome Scale and Global Assessment of Functioning), Cambridge Neuropsychological Test Automated Battery (CANTAB) for schizophrenia which is used for assessment of cognitive functions were used. Electroencephalography (EEG) monitorings were performed only once before treatment. In this study, CANTAB ERT was used for emotion recognition. Results: There was no statistically significant change in the emotion recognition when the first and final ERTs were compared. There was a moderately positive relationship between emotional recognition and functioning (r = 0.65, P < 0.05). Cognitive functions such as visual memory, attention, flexible thinking, and planning were found to be in correlation with emotion recognition. Furthermore, slow waves such as delta and theta activities obtained from frontal, temporoparietal, and occipital regions were associated with emotion recognition. Conclusion: The current study supports that emotion recognition deficits are long-term stable features of schizophrenia, slow-wave electrical activity in the frontal, temporoparietal, and occipital areas in QEEG, and cognitive functions such as visual memory, attention, flexible thinking, and planning are found to be correlated with emotion recognition.
INTRODUCTION
Social cognition is defined as the ability to make sense of other people's behavior, to recognize and predict that they have a different mind than one's own, and to interact with complex social environments through understanding other people's beliefs and intentions. [1] [2] [3] The National Institute of Mental Health suggested that social cognition should be studied in five main areas: emotion perception, social perception, social knowledge, attributional bias, and theory of mind. [4] The inability to recognize emotional facial expressions is thought to be a key indicator of poor communication and deterioration in adaptive behaviors that cause impairment in social cognition. [5] In patients with schizophrenia, the limitation of emotional expression was found to be an important feature of the disorder, [6] and such patients were found to be significantly less successful at emotion recognition tasks (ERTs) than healthy individuals. [7] The limitation is found to be present in every stage of schizophrenia, and emotion recognition deficits have been detected in risk groups and individuals at early stages [8] and in first-degree relatives. [9] Findings from the studies on the course of the facial emotion recognition deficits in patients with schizophrenia are inconsistent. There are also contradictory findings in the results of studies on how antipsychotics or other drugs affect on social task performance in schizophrenia. While some authors suggest that medications such as risperidone, quetiapine, modafinil, and intranasal oxytocin provide an improvement in social task performance; [10, 11] some authors suggest that drugs such as clozapine and risperidone do not provide an improvement. [12] The nature of facial processing inability is not clearly understood. Some authors hypothesize that facial processing inability is related to emotion-related content, some hypothesize that it is a disorder in processing social and biological stimuli, while other researchers hypothesize that it is related with a general deficit in visual attention and the processing of visual stimuli. [8, 13] While there are studies supporting the description of a general defect, supporters of emotion-specific deficit approaches are gradually increasing. [7, 14] Brain areas related to social cognition are as follows: the frontal lobe, temporal lobe, anterior cingulate cortex, fusiform gyrus, amygdala, and posterior association cortex as well as their inner relationships. [15] [16] [17] [18] Although quantitative electroencephalography (QEEG) has poor spatial resolution, it is a functional brain imaging test with ideal temporal resolution of a millisecond. [19] While, in schizophrenia, all cognitive functions explain social functioning with a 6% variance, social cognition explains social functioning with a 16% variance. [20] The purpose of this study is to assess how emotion recognition skills through facial expressions in patients with schizophrenia are affected by treatment processes and during the course of the disease, also to determine the relation of this change with clinical assessment scales, other cognitive functions, and QEEG. Before the study, we hypothesized that emotion recognition deficits would continue unchanged even if patients were in remission in schizophrenia, and emotion recognition ability would be associated with slow-wave activities in electroencephalography (EEG) and visual information processing, attention, and executive functions.
MATERIALS AND METHODS
This study is a part of a project examining the relation between electrophysiological variables and functioning, cognitive ability, and clinical presentation (treatment response/clinical severity) in schizophrenia patients. Twenty-four patients who have been hospitalized in the UHS Erenkoy Psychiatric and Neurological Diseases Research and Training Hospital between April 2015 and March 2016 were included in the study. These patients met both the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition criteria for schizophrenia and the Kane criteria for treatment-resistant schizophrenia, began clozapine treatment, and are right handed. The following patients were excluded: those younger than 18 and older than 60 years old, those determined to have sensory (hearing) problems that cause problems in understanding instructions, those with intellectual limitations or cognitive disabilities, those determined to have diseases related to general medical condition, those with a history of epilepsy or other neurologic disease, those with a history of alcohol/substance abuse in the recent year, and those who have been treated with electroconvulsive therapy in the last 6 months. Written informed consent was obtained from all patients participating in the study as well as from their relatives. Approvals from the Maltepe University Medical Faculty Clinical Trials Ethical Committee, the Turkish Ministry of Health, and the Turkish Medicines and Medical Devices Agency (due to the study being an observational drug study) were obtained.
Application
Patients were assessed before beginning clozapine and 6 months after clozapine treatment was initiated. During each assessments, the following assessment tools were employed: clinical evaluation scales (Positive and Negative Syndrome Scale [PANSS], Global Assessment of Functioning), and Cambridge Neuropsychological Test Automated Battery [CANTAB] for schizophrenia (used for assessment of cognitive functions including attention, visual memory, visual working memory, executive functions, and emotion recognition using facial expressions). However, electrophysiological evaluation was performed only once before the treatment. In this study, the CANTAB ERT was used for emotion recognition using facial expressions.
The patients started taking a potent dose of antipsychotic as of the 1 st day of admission. Antipsychotic doses were optimized within 15-30 days and antipsychotic treatment continued for 6 months in the effective dose range.
Acquisition of electrophysiological records
Electrophysiological assessments of all participants were carried out early in the morning in a room isolated from light and electrical activity in the UHS Erenkoy Psychiatric and Neurological Diseases Research and Training Hospital male ward. EEG monitorings were carried out through a Neuron-Spectrum 5/P 19 channel digital EEG device (Neurosoft Inc., Ivanova, Russia). A room temperature of 23°C was maintained to avoid excessive perspiration. During the recordings, the participants were seated on a comfortable chair, and their vigilance level was kept as constant as possible by verbal commands. Nineteen channel computerized EEG recordings were acquired through Ag-AgCl plated disk electrodes placed on 19 scalp points according to international 10-20 nomenclature, acquiring maximal resting state of the patients. Active electrodes were placed on frontal (FP1, FP2, F3, F4, F7, F8, FZ), central (C3, C4, CZ), parietal (P3, P4, PZ), temporal (T3, T4, T5, T6), and occipital (O1, O2) areas. An average of A1 and A2 was employed as an acceptable reference electrode. Care was taken to ensure that all the electrode impedances were below 5 kΩ. The sampling rate was set to 512 Hz, with 0.05 Hz as the high-frequency filter and 70 Hz as the low-frequency filter. For the analyses of EEG signals, programs working through MATLAB named EEGLAB (version 13) and Darbeliai were used. The data acquired from EEG monitorization were transferred to EEGLAB by converting them into edf format. After re-filtering the data with 1 Hz as the low-frequency filter and 35 Hz as the high-frequency filter for determining and erasing epochs containing eye, muscle, and motion artifacts, a cleaning process was carried out using the ± 70-µV basic voltage method. Later, the records were re-scanned for artifacts, and subsequently, 60-s EEG traces have been obtained. Activities below 2 Hz were excluded to avoid misleading results due to eye movements. Then, fast Fourier transform process was applied using the named the Darbeliai computer program, and absolute frequency powers were obtained from each electrode. The following frequency bands of the mean absolute power spectra were considered: delta (2-4 Hz), theta (4-8 Hz), alpha (8-12 Hz), and beta (12) (13) (14) (15) (16) . For each global basal EEG activity (alpha, beta, theta, and delta), the average absolute power of the electrodes at the anatomically appropriate locations were calculated. The anatomical regions were examined by dividing the left frontal area (FP1, F3, F7), right frontal area (FP2, F4, F8), total frontal area (FP1, FP2, F3, F4, F7, F8, FZ), central area (C3, C4, CZ), left temporal area (T3, T5), right temporal area (T4, T6), parietal area (P3, P4, PZ), and occipital area (O1, O2).
Assessment of cognitive functions was carried out using the CANTAB. During all tests, participants were accompanied by one of the investigators (GS) and all tests were performed by the same person. Seven tests from the CANTAB schizophrenia battery were applied. The completion time of the tests was approximately 1.5 h. CANTAB Reaction Time was used for assessing attention, Paired Associate Learning for visual memory, Rapid Visual Information Processing for sustained attention, One Touch Stockings of Cambridge for planning and executive functions, Intra-Extra Dimensional Set Shift for flexible thinking and executive functions, and Spatial Working Memory for executive functions.
Social cognition was assessed by the ERT test. During the ERT test, participants were asked to identify the emotions contained in the facial expressions appearing on the screen. The test does not have an exercise phase. After the test began, participants were asked to look at the cross sign in the middle of the screen continuously so that it was easier to detect the facial expression that appeared on the screen for only 250 ms. After being visible for a short amount of time, the facial expression disappears and six boxes appear on the screen: anger, disgust, fear, surprise, happiness, and sadness. Participants are asked to touch The box that the best describes the emotion in the facial expression presented. The test consists of 2 blocks. Each block has a total of 90 facial expressions. While it is easier to understand the feelings of some of the expressions, it is harder to understand some others. As a result of the test, the response latencies of the patients, the correct response rates for both the total and for each emotion, and the frequency of emotions chosen by the patients can be evaluated.
Statistical analysis
For the statistical analysis of the findings obtained in the study, the Statistical Packages for the Social Sciences (SPSS) 16.0 software package for Windows (SPSS Inc., Chicago, IL, US) was used. Descriptive statistical methods (frequency, percentage, mean, and standard deviation) were used while evaluating the study data. The Wilcoxon test was used to compare quantitative data from repeated measures. The relationship between quantitative data was made by Pearson and Spearman correlations. The results were evaluated at a 95% confidence interval and a P < 0.05 significance level.
When the GPower 3.1.9.2 version is used (effect size: 0.8, significant tail: 2), the effect size of the research is calculated as 0.73. [21, 22] 
RESULTS

Sociodemographic and clinical data
The mean age of the 24 patients included in the study (19 males and 5 females) was 35.79 ± 8.93. The education level of the patients was 10.41 ± 3.48 years, the age of disease onset was 22.4 ± 5.54 years, the onset duration of the disease was 13.3 ± 7.5 years, and the number of hospitalizations was 4.2 ± 3.5. About 83% of the patients did not work regularly and 79.2% were single.
Nine patients received clozapine monotherapy, 4 received amisulpride, 2 received risperidone depot form, 2 received paliperidone palmitate, 2 received risperidone oral form, 4 received aripiprazole, 4 received haloperidol, 1 received olanzapine, 1 received quetiapine, and 1 received zuclopenthixol depot form in addition to clozapine.
Evaluation of emotion recognition tests
The evaluation of emotion recognition skills in the first and the final ERT tests are shown in Table 1 .
When the responses in the first emotional recognition test were examined, it was found that the average frequency of happiness responses was 42 ± 23, the average frequency of sadness responses was 25 ± 15, the average frequency of anger responses was 24 ± 20, the average frequency of disgust responses was 13 ± 17, the average frequency of fear responses was 19 ± 16, and the average frequency of surprise responses was 37 ± 21.
When the responses in the final emotional recognition test were examined, it is found that the average frequency of happiness responses was 42 ± 19, the average frequency of sadness responses was 35 ± 14, the average frequency of anger responses was 24 ± 9, the average frequency of disgust responses was 23 ± 36, the average frequency of fear responses was 13 ± 6, and the average frequency of surprise responses was 40 ± 14.
Changes in the emotion recognition test
There was no statistically significant change in the recognition of six basic emotions when the first and the final emotion recognition tests were compared. When the mean response time of the patients was compared, it was found that the response time decreased statistically in the final test (P = 0.009). When the frequency of patients respond to the emotional stimuli was examined, a statistically significant increase was found in the frequency of choosing sadness (P = 0.03). There was no statistically significant change in the frequency of choosing other emotions.
Evaluation of the relationship between emotion recognition ability and other clinical and electrophysiological data
When the relationship between scores on the first emotional recognition test and the age, education level, age at the time of disease onset, total disease duration, and total number of hospitalizations was examined, it was found that there was a statistically significant negative correlation between the rate of recognition of anger and the total number of hospitalizations (r = −0.41, P < 0.05). The correlation between the scores on the first emotional recognition test and clinical scales is shown in Table 2 . The correlation between the scores on the first emotional recognition test and the scores obtained from the cognitive tests is shown in Table 3 , and the correlation between the scores on the first emotional recognition test and the data obtained from the QEEG appears in Table 4 .
DISCUSSION
In the current study, both before and at the end of the treatment period, patients were found to have the most difficulty recognizing the negative emotions such as fear and disgust and had a tendency to respond to emotional stimuli with happiness, sadness, or surprise. In a study carried out among patients with frontal, parietal, and temporal lesions, while happiness recognition rates were found to be highest, fear and anger recognition rates were found to be lowest. [23] While some studies carried out among patients with schizophrenia have suggested that the emotion recognition deficits are emotion specific, [24, 25] some researchers believe that the disorder includes all emotions. [26, 27] It is noted that the recognition of negative emotion is more difficult than neutral or positive emotions and that negative emotions can be confused with other negatives, while this was not observed for positive emotions. [28] In our study, it was observed that schizophrenia patients tend to distort other expression categories, identifying them as happiness. This tendency reflects impairment in their empathy skills and impairment in their recognition of the distinction between the emotional states of others and their own. [29] Another reason is that the expression of happiness is more recognizable due to the employment of larger muscle groups and expressions; by its nature, such expression is more communicative than emotional. [30, 31] In the current study, there was no significant improvement in the emotion recognition skills of the patients at the end of the treatment period, but the response time was significantly shortened. However, there are studies reporting that in schizophrenia patients, impairment in emotional recognition skills is more evident in the acute phase and that impairment in the remission phase is not significant. [32] Similar to the current study, there are also researches that report that the degree of impairment remained the same during the remission period. [33] In a study conducted by Penn et al., it is shown that most schizophrenia patients spend less time than healthy control groups evaluating emotional expressions and that this is due to their limitations in visually scanning face expressions; as a result, schizophrenia patients misevaluate emotional expressions. [8] Findings from our study support the conclusion that emotional recognition difficulties in schizophrenia patients are not situational but are rather a permanent or long-term stable feature of schizophrenia.
Relationship between emotion recognition skills and other clinical data
When the correlation between the Positive and Negative Syndrome Scale (PANSS) and emotion recognition abilities is evaluated, a relation between the PANSS positive subscale and anger recognition and a relation between the PANSS general psychopathology subscale and sadness recognition were found, while the PANSS negative subscale was found not to be related with any emotion recognition. However, Kohler et al. also found that positive symptoms such as hallucinations, thought disorders, and negative symptoms such as alogia were associated with emotion recognition. [34] When we investigated the relationship between emotion recognition and functionality in our study, it was found that there was a moderate positive correlation between emotion recognition and functionality. Emotions play a very important role in the successes and struggles of human life. The ability to perceive and identify emotions leads to increased success in job interviews and in social relationships such as interaction with family members and colleagues. In a review article by Couture et al. [35] that examined 22 studies related to social cognition and functional outcome, emotion perception, social perception, and theory of mind were found to be in correlation with social functioning, social behavior in society, social problem solving, and social competence. Emotion perception is related with social functioning, social skills, and occupational functioning. Social perception is related to social behavior in society and occupational functionality. [35] The concept of social functioning is of great importance for the life quality of patients with schizophrenia. For this reason, factors such as negative symptoms and cognitive functions are being studied. Deterioration in cognitive functions is predictive for a future change of 20%-60% in patients' psychosocial functioning levels. [36] Researchers continue to study other co-factors for the remaining percentage. Hence, in recent years, social cognition has emerged as a possible factor. In a recent meta-analysis, [20] the effect of all types of cognitive functions in social functioning can be explained by a 6% variance, while the effect of social cognition domains is explained by a 16% variance. For this reason, in recent years, social cognition as a therapeutic goal came to be recognized as more important than other impairments in cognitive functions.
Other cognitive functions and quantitative electroencephalography correlates of emotion recognition
In our study, cognitive functions related to frontal and temporal functions such as visual memory, attention focus, flexible thinking, and planning are found to be in correlation with emotion recognition. During the face-processing, recognition of the identity of the person to whom the face belongs through its structural characteristics, as well as recognition of emotional facial expressions in the eyes, mouth and eyebrows occurs. [37] Thus, the face recognition process involves not only the face recognition function but also the recognition of the emotional expression. The quality of visual attention to specific areas of the face enhances emotion recognition performance. [38] Gallese et al. reported that problems related to working memory and attention in schizophrenia patients may have negative effects on emotion recognition. [13] Kohler et al. also reported that emotion discrimination has a significant and high correlation with cognitive functions such as attention, memory (verbal and spatial), flexible thinking, language, and abstract thinking. [34] Thus, the correlations identified support the idea that the impairment in frontotemporal functioning extends to the limbic region associated with emotional processing. [34] When the relationship between QEEG data and emotion recognition is evaluated, emotion recognition was associated with slow waves such as delta and theta, rather than fast waves such as alpha and beta. Particularly, a significant correlation was found between delta and theta activities obtained from all cortical regions and emotion recognition. Delta-waves occur in Stages 3 and 4 of sleep. According to Knyazev, brain functional delta-oscillations are associated with autonomic functions, motivation processes associated with rewards, defensive mechanisms, higher emotional involvement, and cognitive processes related to attention and the detection of motivationally salient stimuli in the environment. [39] As for the theta-wave, it is thought to reflect the activity in the limbic system and hippocampus. It is reported to be related with anxiety, subconscious fear and night terrors. It is suggested that in normal functioning, the theta rhythm may mediate complex and adaptive behaviors such as short-term memory and learning. [40, 41] EEG studies have reported abnormal slowing in posterior, frontal-midline, and frontal-temporal regions in patients with schizophrenia. [39] [40] [41] [42] [43] [44] Given increased slow-wave activity during the waking state, it has been suggested that part of the brain in schizophrenia might be in an inactive "sleep-like state" or that slow-wave activity in schizophrenia reflects subtle brain pathology. [45] In this context, increased slow-wave activity may reflect the neural network dysfunction that negatively affects social cognition, both by distorting cognition and directly impairing facial recognition.
Due to the small sample size of our study, studies in larger sample groups are needed. In addition, the QEEG data obtained in resting state are a limiting factor for our study. The electrophysiological evaluations performed during the facial ERT may provide more detailed data on the Table 4 neural network and cortical structures related to emotion recognition. Moreover, our study is a 6-month prospective follow-up study; longer follow-up studies may provide more reliable information about the extent to which emotion recognition may be affected by treatment in the long term.
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CONCLUSION
Our study supports the idea that emotion recognition deficits are long-term stable features of schizophrenia and thus that emotional recognition difficulties in schizophrenic patients are not situational but rather a permanent feature of the disease. The current study supports the view that antipsychotic drugs are inadequate to enhance the development of emotion recognition skills and social abilities in schizophrenia and that, therefore, different treatment approaches are needed. In addition, it was found that there is a strong correlation between emotion recognition and functionality and that cognitive functions related to frontal and temporal functioning such as visual memory, attention focusing, flexible thinking, and planning are correlated with emotion recognition. In accordance with these findings, electrical activity in the frontal, temporoparietal, and occipital areas in QEEG is found to be correlated with emotion recognition.
